Introduction
Traditional civil engineering practices are being challenged by the changing contexts in which they are being carried out (extreme climatic conditions, natural resources scarcity, etc.) and their contribution to these changing contexts (greenhouse gas emissions, global warming). In response, sustainable development, and the sustainability agenda more widely, has been made explicit internationally in development planning for the built environment. Ainger and Fenner (2014) state that the notion of sustainable development is often perceived as vague, contradictory and uncomfortable, as it commonly poses challenges to traditionally acceptable solutions. The 'Sustainable Development' term is increasingly used by academic and industry professionals, and even the aware public, but there is no fixed definition that can truly explain the concept (Elghali et al., 2008) . The concept of 'Sustainable Development' can be traced back to 1987 in the World Commission on Environment and Development: Our Common Future and the most quoted Brundtland definition of Sustainable Development (SD): "Sustainable Development is development which meets the needs of the present without compromising the ability of future generations to meet their own needs." (Brundtland, 1987) .
The Forum for the Future offered another definition for Sustainable Development:
"Sustainable Development is a dynamic process, which enables all people to realise their potential and improve their quality of life in ways that simultaneously protect and enhance the Earth's life support systems." (Chambers et al., 2008) .
The American Society of Civil Engineers (ASCE) defines sustainability as: "A set of environmental, economic and social conditions in which all of society has the capacity and opportunity to maintain and improve its quality of life indefinitely without degrading the quantity, quality or availability of natural, economic, and social resources" (Keaton, 2014) While there are many other definitions for sustainability and sustainable development, and a comprehensive review lies out with the scope of this paper, there are common core threads that should fundamentally challenge the civil engineer. Given that interventions in utility infrastructure systems impact the social environment, the built environment and the natural environment, infrastructure projects have a particular importance as necessary exemplars of sustainable development. A tool that enables engineers to make explicit the implementation of sustainability principles in these projects, and beneficially influence practices, therefore has considerable value and reach.
Utility service provision is a critical aspect of urban environments as ever more people live in cities -it is estimated that 70% of the world's population will be urban by 2050 (Sterling et al., 2012 ) -and hence sustainable and resilient engineering solutions are required to address the problems posed by the increasingly complex and interdependent infrastructures that deliver them. This pattern of growing complexity and interdependency is especially true for the pipeline and cable networks that are buried underneath our cities' streets. As a direct consequence of 3 this engineering challenge, and the piecemeal development of most urban infrastructure systems, the streetworks operations associated with utility placement, maintenance and upgrading operations are costly. Ten years ago, the direct construction costs in the UK alone were estimated at £1.5 billion, of which ~ £150 million were estimated to be attributed to third party damage, while the indirect costs (including social and environmental impacts) were estimated at £5.5 billion per year (McMahon et al., 2006) .
It is evident that the true total cost of any infrastructure-related activity can only be measured by including all elements of the three 'pillars of sustainability', i.e. considering direct and indirect economic costs along with both social and environmental impacts (Jung, 2012; Hunt et al., 2014) . Consequently, if the potential benefits of reducing the effects of utility streetworks are to be realised (inter)nationally, the costs and non-costed impacts across all three 'pillars of sustainability' have to be determined -quantitatively where possible, and qualitatively where not. Due to the widely-varying nature of utility infrastructure projects and the very large number of streetworks carried out around the world, a robust, holistic, as well as an easy to use sustainability evaluation tool bespoke to utility streetworks is needed. This paper, which focuses on sustainability costs and impacts of utility streetworks in urban areas, contributes to this endeavour by reviewing existing sustainability assessment tools and frameworks with a view of their applicability to urban utility infrastructure projects. It discusses the advantages and disadvantages of the existing sustainability assessment systems and concludes with recommendations in the form of a proposal for a new total sustainability costing model and evaluation methodology for such projects. This proposed framework will, for the first time, enable planners, designers and developers to make informed decisions of future buried infrastructure projects ensuring they consider the impact of the projects in a holistic manner taking account of economic, societal and environmental impacts. Moreover, this new tool will consider not only the construction phase but also the maintenance phase of a project to ensure any intervention is resilient for the future.
Traditional versus more sustainable engineering alternatives for utility streetworks
The UK utility infrastructure has been largely developed during the last two centuries, thus a great volume of ground has been excavated and different utilities (including pipes and cables manufactured from a wide range of materials) have been placed below the ground surface.
From the early town gas pipes in 1807 and sewer networks in 1866 to the introduction of the late 20 th century communications infrastructures, numerous co-located systems now exist beneath our city streets, they perform and deteriorate in different ways, and all need maintenance, expansion and/or upgrading that is sympathetic to their long-term behaviours (Rogers and Hunt, 2006) . Maintenance and renewal typically involves excavation at significant economic cost, but far greater associated cost. In recognition of this, and as an incentive to make streetworks more efficient and consider other (e.g. trenchless) approaches, road occupancy charges have been levied to utility companies, such as the £1000 per day levy introduced by Camden and Middlesbrough Borough Councils in the UK (Balance et al., 2002) .
While this recognition and incentive is to be applauded, it fails to address the magnitude of the situation. Accepting that the annual direct cost of streetworks in the UK is well beyond £1billion, and using the multiplier of 3.7 proposed by McMahon et al. (2006) yields a very large sum indeed, it is a comprehensive evidence base of the impacts of streetworks that is needed if a full appreciation of the problem, and effective mitigation, is to be achieved. Interrupting traffic flow, causing damage to tree roots, production of large amounts of waste and pollution (to soil and air) and suchlike impacts are commonly-quoted problems of traditional streetworks operations (Kolator, 1998 ), yet they remain abstract in relation to their relevance to any one project, and therefore easier to ignore. As stated by Rogers and Hunt (2006) , quality of life in the 21 st century is greatly dependent on invisible utility services systems, and yet quality of life is, often unnecessarily, compromised by disruption when intervening in these systems.
These utility service systems are coming under ever-greater pressure due to the combined influences of population growth (with an estimated 10 million more people in the UK by the year 2065) and thus enormous demand for new housing, urbanisation (a greater proportion of the population living in cities) and city densification (in an effort to combat urban sprawl), and the aspiration for new eco-towns (towns designed to facilitate a lifestyle that has as little impact on the environment as possible, hence new ways of service provision). To these should be added the issues of outworn utility infrastructure requiring replacement and upgrading as well as services for new developments connecting to older infrastructure that is often overstretched and in some cases insufficient to cope with the additional load. Traditional methods of utility placement, maintenance and upgrading are becoming unsustainable, mainly because of the many associated social, economic and environmental costs. This necessitates consideration of alternative engineering practices such as Trenchless Technologies (TTs) and Multi-Utility Tunnels (MUTs), and yet a barrier to their introduction is an evidence base of the overall increase in value delivered to set against the cost of their implementation, i.e. the basis of a compelling 'business case' for their routine introduction into engineering practice.
Traditional Open-Cut Trenching
Open-cut excavation, or trenching, as a traditional engineering method for utility placement underground has been used for more than 200 years in the UK (Rogers and Hunt, 2006) and the method has not changed much in terms of its basic engineering approach over this period ( Figure 1 ). The most important changes include the mechanisation of the processes for excavation and reinstatement, hydraulic systems to support excavation walls and advances in the quality of the pipe material (Hunt et al., 2014) , along with more recent attempts to deliver more sustainable trenching practices using tailored groundwork techniques to allow the safe reuse of site-arisings (Assadi Langroudi and Jefferson, 2015) . Once the processes had moved on 5 from hand-trimming the base of a trench to accept the pipe barrel, the general procedures for placement of utilities using the open-cut method involved excavation of a trench, placement of the bedding material, placement of the pipe(s), backfilling the excavated material around and above the pipe, compacting the backfill and surface reinstatement (Ariaratnam et al., 2013 sub-urban and urban), and the type of Multi-Utility Tunnels.
Trenchless Technologies
Trenchless Technologies (TTs) refer to a wide range of techniques for subsurface construction when installing or rehabilitating buried utility infrastructures and varying in scale upwards to small-diameter tunnels. TTs also cover various techniques of on-line replacement and renovation of existing pipes, ducts and cables (Najafi, 2005) . TTs, which require either minimal (access pits) or no trench excavation, include (but are by no means limited to) techniques such as pipe jacking, microtunneling (e.g. pilot tube and vacuum microtunneling), auger boring, horizontal directional drilling (HDD), guided drilling, moling, pipe bursting and pipe ramming (Milligan and Rogers, 2001 ). Suitability of these technologies for a particular project depends on site conditions, project specifications and installation procedures (Ariaratnam et al., 2013) . The main advantage of TTs is the minimal disruption to surface infrastructure (rails, roads and footways), traffic, businesses and society in general. However, as argued above, it is a comprehensive account of the reduction in adverse consequences relative to open-cut techniques that is needed to be set against the cost of the works in order for decision-making between the two to be properly informed. More generally, what is required is a comprehensive account of all costs (including adverse impacts) set against a comprehensive account of all the 6 benefits that could be realised by a proposed project or scheme, for each alternative set of construction processes -only then the most sustainable choices be accurately judged.
Multi-Utility Tunnels
Multi-Utility Tunnels ( Cano-Hurtado and Canto-Perello, 1999) and is still in use (Laistner, 1995) . The acceptance and use of MUTs is seen in locations where utility infrastructure is independently owned and operated, such as university campuses, hospitals, recreation parks, military bases and nuclear power plants (Rogers and Hunt, 2006) . Examples can be seen in Seattle
University and the University of Birmingham (Hunt et al., 2012) and also in Walt Disney World Underground (Pike, 2005) . However, they have been also used in Singapore, Taiwan, Malaysia and Hong Kong.
There are generally three types of Multi-Utility Tunnel: Searchable (Figure 3a) , visitable ( Figure   2b ) and compartmentalised ( Figure 3b ). Searchable tunnels can be accessed if a lid is removed, whereas visitable MUTs allow complete man entry. Some MUTs, like the one in Helsinki, even allow the vehicles to enter for the purpose of maintenance and repairs (Sterling et al., 2012) . Searchable MUTs at the University of Birmingham contain various pipelines (steam, heating, hot and cold water) and cables (HV and LV power, data and telecommunications lines) but no gas pipes, as the gas is considered a potential explosive mix when combined with electricity (Hunt et al., 2014) . On the other hand compartmentalised MUTs such as those constructed in Japan, Singapore and Malaysia (Adnan and Heng, 2003) house all types of utilities as they provide a barrier between utilities (each utility type in a separate compartment) to prevent potential hazards. Improved quality of placement (with respect to pipe and cable integrity), easy access to maintain and replace utilities, ease of location and leak detection (embedment of sensors within MUTs enhances this capability), as well as allowing for future additions -delivering a flexible and adaptable infrastructure system -are the main advantages of MUTs, and given that these advantages accrue in the long-term they represent more sustainable and resilient solutions to the problems associated with utility service provision in the context of built form densification and growing demand.
Sustainability Costing Tools and Evaluation Methods
There is a wide range of sustainability assessment tools and methodologies for infrastructure engineering projects, making it far from straightforward to choose a suitable tool for use in a particular streetworks project. Examples include GreenLITES, Greenroads, I-Last and BE In order to select the most appropriate tool or evaluation procedure to be used for streetworks sustainability costing, and ultimately to develop a holistic assessment framework, the many currently-available tools and assessment methods have been reviewed. Life Cycle Analysis (LCA), Whole Life Costing (WLC) and Building Rating Systems (BRSs) have been included in this review as three important generic assessment methods. As a result of a survey of practitioners, some 40 tools and assessment frameworks have been identified for assessing engineering sustainability. Many were designed for other engineering disciplines or specifically for other civil engineering projects such as buildings (e.g. BREEAM and LEED), and hence they are difficult to apply to streetworks projects. The reviewing process identified their principles in relation to, and established their applicability for, streetworks, and then determined what was necessary to customise them, where possible, to address utility streetworks. As no single tool proved suitable for a comprehensive sustainability costing of streetworks, the review then considered which of the potential shortlisted tools/methods could be used in combination to develop a novel, holistic assessment framework, and ultimately a sustainability costing model.
As a result of this process, three sustainability assessment tools were selected for detailed investigation -CEEQUAL, SPeAR ® and HalSTAR -these being toolkits designed to be applied to almost all civil engineering projects.
For each tool/method, the procedure is briefly described along with its advantages and disadvantages in relation to utility infrastructure and streetworks. Moreover, the stage(s) of a 8 project when the tool could be used are identified and examples of its use, where available, are provided.
Life Cycle Analysis
Life Cycle Analysis (LCA) tools are primarily used to calculate environmental impacts, throughout their life cycle, of different alternatives for a product, project or service, and are generally used in the design process (PETUS, 2005) . The methodology for the LCA approach is defined in a number of ISO standards, for example ISO 14040: 2006 (ISO, 2006 Azapagic et al., 2004) . The LCA method applies a systems approach and can be used for environmental risk management, strategic decision making and policy assessment, and can be applied throughout the life cycle of a project. Danish LCA tool for buildings: BEAT (Petersen, 2002) is an example of commercial LCA tools in the building sector. Orware is a LCA based tool for waste management (Eriksson et al., 2002) . The principles underpinning the LCA method have been used in urban water provision (Stokes and Horvath, 2010) , heavy construction (Ries et al., 2010) , and bridge analysis and design (Kendall et al., 2008) . LCA also is the basis for some well-established sustainability assessment tools such as Arup's SPeAR ® , BREEAM, Green
Guide to Specification (BRE, 2009) and Envest2, which is a combination of LCA and Whole-Life
Cost accounting (BRE, 2015) . Other commercial software packages include Gabi (Spatari et al., 2001 ) and Simapro (Goedkoop et al., 2008) , both of which are LCA tools. Furthermore, the Inventory of Carbon and Energy (ICE) produced by the University of Bath (Hammond and Jones, 2008 ) is an open-access and reliable database of embodied energy and carbon for construction materials in the UK that could be used in life cycle assessments for almost any type of construction project, including streetworks.
LCA tools normally require large amounts of detailed and up-to-date data to be input on products and processes for the environmental analyses and calculations within a particular project, therefore the process can take considerable effort and be very time consuming. This method also cannot easily deal with social impacts and issues associated with society, such as noise, dust and vibration problems (Ainger and Fenner, 2014) . Other major issues regarding the LCA methodologies include spatial variation, local environmental conditions, data quality (accuracy) and data availability (Reap et al., 2008) .
Whole-Life Cost Accounting (WLC)
Whole-Life Cost techniques assess the total cost of projects over a project's lifetime, from inception to demolition. Although these costs are economic costs, environmental impacts associated with that project are taken into account. Sometimes referred to as Life-Cycle Cost Analysis (LCCA), WLC is especially useful when different project alternatives with approximately the same performance criteria but different costs (throughout the project lifetime, including initial and operating costs) need to be compared to select the one with the highest benefits and the 9 lowest whole-life cost. There are mathematical models for WLC, a summary of which is provided by Kishk et al. (2003) . In whole life costing many models are based on the concept of Net present Value (NPV), which is defined as the sum of the money required for investment today to meet all future financial needs during the life time of the project. Although Cost Benefit Analysis (CBA), WLC and LCCA are usually simple and easy, if time consuming, to apply, these tools are often used by technical experts and therefore require greater knowledge, understanding and transparency in the assessment procedure.
WLC can be applied to many different kinds of infrastructure projects including sewerage and potable water services (Savic et al., 2008) , trunk sewers as municipal infrastructure (Rahman and Vanier, 2004) , and bridges (Ryall, 2001 ). However, as pointed out in a recent appraisal of the application of life cycle costing within the UK construction industry (Olubodun et al., 2010) , problems of understanding of the techniques and lack of a standardised methodology are considered as the key factors militating against the wider implementation of this method.
Moreover, while WLC tools take into account the impacts of projects on society in general, they often do not take into consideration who pays for the costs/impacts and who enjoys the benefits (PETUS, 2005).
Building Rating Systems (BRS) and Civil Engineering Awards Schemes
Building rating systems are assessment tools to evaluate and quantify value judgements and to assess different project options, often using multi-criteria decision analysis (Kiker et al., 2005) .
These rating systems are multi-dimensional, criteria-based assessment tools that are often verified by a third party. They normally include a green building certification scheme. The most notable ones are BREEAM in the UK and LEED in the USA, which were both introduced in 1990s, and also the International Green Building Tool, which is more recent (Bernier et al., 2010 ). Ainger and Fenner (2014) noted that some assessment tools, including BREEAM (UK) (BREEAM, 2011), LEED (USA) (USGBC, 2016), BEPAC (Canada) (Cole, 1994) and HK-BEAM (Hong Kong) (Yik et al., 1998) , do not reflect the fundamental principles of a wide range of projects, because they do not consider the economic (financial) aspects of projects within the assessment framework. Another issue with the BRSs is that they can only be applied to the building construction sector and they cannot be implemented in other infrastructure categories, although tools like CEEQUAL (2009) have been developed to bridge this gap. Furthermore, while it is difficult and complex to define boundaries for national, regional, social and cultural variations (Ding, 2008) , building rating tools do not usually take into account these variations as they are often developed for local use. Kohler (1999) indicates some of these variations, including variations in climatic conditions, income level, building materials and techniques, and consideration of historic value.
CEEQUAL
The Civil Engineering Environmental Quality Assessment and Award Scheme (CEEQUAL) is an evidence-based assessment and award scheme which was designed by a team led by the Institution of Civil Engineers (ICE) in the UK in 2003 to ensure and demonstrate the commitment of the civil engineering industry to environmental quality and social performance (CEEQUAL, 2009) . It has been initially set up to provide a scheme for environmental assessment of civil engineering projects. CEEQUAL is the result of a project that was called 'a civil engineering equivalent of BREEAM' (Venables et al., 2005) . It is applicable to all civil engineering projects (including roads, railways, airports, coast, canal and river works, water supply and treatment, power stations, retail and business parks) rather than to a specific type of project (building) as in BREEAM. A self-assessment is carried out by a trained CEEQUAL assessor to score the project in question. This is then reviewed and validated by an external
Verifier appointed by CEEQUAL. Finally the result and award recommendation is checked and ratified by CEEQUAL.
CEEQUAL is based on a scoring framework of issues and major design considerations, with 180 questions related to 12 areas of environmental and social concern. Each of the 12 areas is weighted by a percentage as the final score. The performance based on the final score is then rated one of PASS, GOOD, VERY GOOD or EXCELLENT. It is possible to strike out the questions that are not relevant to a project so that CEEQUAL is matched to each project only by the relevant questions.
Although CEEQUAL can be applied to many civil engineering projects, Hayes et al. (2012) demonstrated that its generality results in a large number of criteria, which in turn makes it a time consuming process to use this tool. Holt et al. (2010) indicated that in reality using CEEQUAL is predominately environmentally focused, hence it fails to provide the comprehensive and holistic approach needed to fully assess the sustainability of infrastructure projects. However, there are some criteria within the CEEQUAL assessment, such as nuisance to neighbours and energy and material use, which can be regarded as social and economic (financial) aspects, respectively. Still, the system does not provide a balanced approach for assessment between the three pillars of sustainability. More assessment criteria and indicators are required to be developed and added to CEEQUAL to make it both a balanced method and to tailor it for specific contexts such as streetworks projects.
Another important drawback for schemes such as CEEQUAL, BREEAM and LEED is their awarding focus, which does not truly encourage different stakeholders involved in a project to improve sustainability, but to solely treat such assessment as a checklist to tick as many boxes as possible to achieve the award.
HalSTAR
The Halcrow Sustainability Toolkit and Rating System (HalSTAR) is another sustainability assessment tool which is based on a systems model of Sustainable Development (Pearce et al., 2012) that represents a balance between a range of needs (which are called capitals), for a nested system of stakeholders, during the lifetime of a project. It aims to ensure that sustainability is a source of added value to projects rather than just being an add-on to the development process (Pearce et al., 2012) . Moreover, the HalSTAR sustainability wheel ( Figure   4 ) encompasses definitions distilled from over 400 approaches, including but not limited to assessment methods, indicator sets, legislation, planning policies, corporate social responsibility (CSR) reports, and the needs and requirements of the key stakeholders.
In addition, the tool contains a database that includes 840 sub-issues, approximately 4200 qualitative criteria and 2000 indicators. While, the concept of systems thinking and the systems model of sustainability provide a strong background for HalSTAR to be capable of connecting high level policy with project level practice and to provide a comprehensive context-driven appraisal of almost all of the key factors affecting the sustainability of a project (Pearce et al., 2012) , it seems to be a complicated and time-consuming process to apply this system to a particular project with limited boundary conditions and specific requirements. This might also lead to what Holt et al. (2010) refer to as 'tool fatigue', which, however, could also be true for the development of an entirely new assessment method.
SPeAR

®
The Sustainable Project Appraisal Routine (SPeAR ® ) was originally developed by international consulting practice Arup in 2001 (Arup, 2016 . It evaluates projects, processes or products using a four-way bottom line approach covering economic, social, environmental and natural resources criteria. SPeAR ® contains a set of core sectors and indicators that have been derived from different sources of literature on sustainability. It has been designed to make sustainability more meaningful to a wider range of stakeholders. This tool reflects international best practice and is founded on a number of sustainability indicator sets, including the UK Government set of sustainability indicators, the UN Indicators for Sustainable Development, the UN Environment Programme indicators, and the GRI G3 indicators (Braithwaite, 2007) . The software used to undertake the assessment is, however, able to be modified to include new indicators that reflect the scope and context of a particular project and hence create a bespoke assessment (Venables et al., 2005) .
The SPeAR ® diagram indicates the performance of indicators by shading in a segment on the face. The closer a segment is to the centre of the diagram the stronger it is in terms of sustainability; conversely the further away it is from the centre of the diagram the weaker the segment is in terms of sustainability ( Figure 5 ).
Behind the SPeAR ® rose diagram is a series of detailed worksheets, with more than 120 economic, social, environmental and natural resource performance sub-indicators (Braithwaite, 2007) . The performance of each indicator is set against a scale of optimum and worst cases.
The optimum or best case represents cutting-edge approaches which are benchmarked against appropriate expertise, a score of zero (representing the mid-point on a positive to negative scale, or the middle ring in the diagram in Figure 5 ) equates to current best practice, and the worst case represents bare compliance with legislation (Holt et al., 2010) . The aim is for the diagram to provide a unique profile of predicted performance, highlighting both sustainability strengths and weaknesses.
One of the key strengths of the SPeAR ® is its flexibility. Unlike BREEAM and CEEQUAL, in which relative importance of the sections are weighted, the sections of SPeAR ® and the corresponding indicators and sub-indicators are not weighted (Venables et al., 2005) . Moreover, it is not reward driven and therefore does not consist of an in-built bias (Holt et al., 2010) . Although SPeAR ® is a holistic, flexible and easy to use tool for sustainability assessment of different civil engineering projects, oversimplification of the scoring system increases the potential of the tool to be misused. Furthermore, a set of sustainability criteria and indicator systems does not exist within the tool to address the complex issue of streetworks projects and this is mainly due to the very broad and generic indicator sets available in the SPeAR ® system. Therefore, adding new indicators or adjustment of the exiting indicator sets specific to the context of streetworks could be regarded as part of the potential solution for development of a sustainability assessment framework for streetworks.
Discussion -Towards a Comprehensive Streetworks Sustainability Assessment Framework (SSAF)
A key challenge in determining the true total cost of utility streetworks is how social and environmental aspects are assessed. Estimates of these costs are often driven by a subset of stakeholders (whose agendas vary), while certain social and environmental impacts are simply not possible to cost with any reliability given the qualitative nature of the impact being assessed, e.g. social amenity, visual intrusion or loss of space. Although UKWIR's commissioned report on the topic (McMahon et al., 2006) opened the debate, it acknowledged that it stopped far short of 13 being comprehensive and thus at present no methodology is available to evaluate the total cost of streetworks. Hayes (2013) has taken the debate further, but has also stopped short as a result of a lack of adequately comprehensive datasets on which to base rigorous judgements. More generally, a number of approaches such as Cost-Benefit Analysis (CBA) and Life Cycle Assessment (LCA) have been tried, but none has been successful due to the complex and variable nature of dealing with all three cost elements in the complex context of the impacts caused by streetworks in cities (Hayes et al., 2012) . Moreover, the application of these approaches has been questioned for complex cases as they often cannot be used sufficiently realistically or transparently, leading to uncertainty in the outcomes.
Therefore this paper recommends the development of a sustainability evaluation methodology for utility streetworks that can be used to judge alternative intervention approaches, whether based on trenching, trenchless methods (e.g. keyhole surgery, access via vacuum exaction holes, moling, HDD or microtunnelling, pipe bursting / splitting / lining, various methods of pipe relining or pipe repairs using small trial pits), multi-utility tunnels or some other method, or provide sufficient information to justify a 'do nothing option'. The assessment tool should determine the total impact (which includes costs) of streetworks from where a value judgment can be made within a broader asset management framework (Hojjati et al., 2016) , learning from the most appropriate features of the assessment methodologies that have been developed previously and have been reviewed above (see Table 1 for a summary). Basu et al. (2014) provided a review on current sustainability studies in geotechnical engineering, which included the studies on development of sustainability assessment tools. The tools were categorized into qualitative and quantitative methods in terms of their methodology ( Figure 6 ).
The results of this review and categorisation can also be applied to utility infrastructure projects.
Due to the nature of utility streetworks and the costs and impacts associated with such projects, a combination of qualitative and quantitative tools are proposed for the development of a total sustainability evaluation methodology, and this work is underway via the Assessing the Underworld project Rogers, 2015) . Sets of indicators specifically designed for utility streetworks have been identified and are being validated by a wide group of experts and stakeholders. As Basu et al. (2014) Process (AHP) approach, to achieve a final sustainability index for each alternative utility streetworks method. This will ultimately help the decision-making process and the results of this sustainability assessment will feed into an overarching Decision Support System (DSS), which itself will form the basis of an integrated performance model of city infrastructures.
Conclusions
Through their impacts on the environment and society, and their critical role within urban environments, utility infrastructure systems and the resources they supply play a pivotal role in driving sustainable development of cities. However, utility installation, maintenance and upgrading are costly activities in terms of the economic costs (both direct and indirect) to, as well as social and environmental impacts they have on, the local and global economy. There is a need for a bespoke sustainability assessment tool for utility streetworks which can capture the costs and impacts of these activities from a holistic sustainability viewpoint, i.e. a tool that can consider the full economic, as well as social and environmental, costs of these works.
With reference to the concept of sustainable development and alternative engineering practices for utility streetworks, this paper has reviewed existing sustainability assessment tools and frameworks with a view to their applicability to streetworks projects. None provides a sufficiently specific and comprehensive assessment to provide the necessary evidence base for effective decision-making when considering traditional (open-cut) or alternative (trenchless technologies, multi-utility tunnels) for the provision of subsurface utility infrastructures. Without such an evidence base, the 'business case for change' is compromised and practices that are widely criticised as unsustainable are routinely adopted.
It is evident that sets of indicators specifically designed for utility streetworks are required, and that qualitative tools such as colour-coded charts (e.g. using 'traffic light systems') are helpful for assessment of non-monetary indicators. This needs to be supported by numerical tools to assess the quantitative costs and impacts of utility streetworks carried out using different working practices, augmented by social and environmental accounting using Whole Life Costing techniques. It is recommended that the results of these assessments should be integrated in a Multi-Criteria model based on the Analytic Hierarchy Process (AHP) approach to achieve a final sustainability index for each alternative utility streetworks method and that the outcomes should be fed into an overarching Decision Support System (DSS), which itself will form the basis of an integrated performance model of city infrastructures. This will inform decision-makers (asset owners, consultants and contractors) engaged in utility streetworks projects of the likely outcomes of their decisions both in terms of economic costs and the impacts on society and the environment as a whole, thus delivering a truly-balanced 'sustainability impacts perspective'. It will also provide a basis to support investment decisions for utility infrastructure projects in cities, a crucial element in the judgement of alternative business models, which itself leads to a realisation of the value of a particular utility streetworks option to different stakeholders of a project. . Summary of studies on sustainability assessment tools (Adapted from Basu et al., 2014) 
